Introduction
[2] In an anisotropic medium, the difference in velocity causes the incoming waves to split into two orthogonal quasi shear waves qS1 and qS2 that propagate in the fast and slow direction respectively. In the upper mantle, a growing number of evidence favors the lattice preferred orientation (LPO) of the dominant olivine mineral as the source of anisotropy [Savage, 1999, and references therein] . Under this assumption, the fast direction can be related to asthenospheric flow and lithospheric state of deformation, while the delay time between qS1 and qS2 provides information about the combined effects of path length and magnitude of anisotropy in the media. Due to the particular ray path, which travels through the liquid outer core, SKS and SKKS (hereafter SK*S) phases possess the important property of being polarized linearly in the radial direction when traveling through a purely isotropic medium from the core to the receiver. Thus, in general, anomalous transverse energy gives an immediate diagnostic of existing anisotropy medium below the receiver [Silver and Chan, 1991] .
[3] We have mapped the seismic anisotropy of the upper mantle beneath the northern Baja California and northwestern Mexican Basin and Range, using the growing database of the recently installed broadband seismic network NARS-Baja [Trampert et al., 2003] and selected broadband stations from the broadband seismic network of the Gulf of California (RESBAN) and from the seismic network of northwestern Mexico (RESNOM) [Hinojosa et al., 1984] .
Geologic and Tectonic Setting
[4] The region of the Gulf of California and adjacent regions (Figure 1 ) comprises four structural provinces representing several tectonic processes. Stock et al. [1991] divided the western and central part of the region under study into the Transpeninsular Strike-Slip Province (TSSP), that accommodates the complex motion between the Pacific and North American plates; the Stable Central Peninsula (SCP), characterized by the absence of any deformation related to the Gulf opening and extension; and the Gulf extensional Province (GEP), bounded to the west and to the east by the outer late Miocene extensional features. The southern Basin and Range Province (BRP) extension started during early Miocene and is still active [Suter and Contreras, 2002, and references therein] .
[5] The Peninsular Range is largely composed of Mesozoic batholiths that display two lithospheric sources [Silver and Chappell, 1988] . Its western part, of oceanic origin, is separated from its eastern part, of continental origin, by the ilmenite-magnetite boundary [Gastil, 1993] , near the west border of the GEP. The now extinct Farallon plate was subducted a hundred kilometers west of the Peninsular Range.
[6] Due to the high spreading rate at the east margin of the Pacific plate (PP), part of the Farallon plate was completely subducted so that the PP first met the North American plate (NAP) about 30Ma ago. In the former volcanic arc, Basin and Range extension initiated in early Miocene [Parson, 1995] , corresponding to the period of faster rate of divergence between the PP and the fragments of the Farallon plates [Aranda-Gómez et al., 2000] . Because of the nearly strike slip motion between the PP and the NAP, the San Benito-Tosco-Abreojos strike-slip system developed in the vicinity of the former trench, west of the Peninsular Range [Stock and Hodges, 1989] . During late Miocene time, the relative motion of the PP and the NAP was oblique to this strike slip system, causing the weaker former arc to fracture and to accommodate normal faulting GEOPHYSICAL RESEARCH LETTERS, VOL. 33, L05302, doi:10.1029 /2005GL024720, 2006 east of the ilmenita-magnetite boundary, isolating Baja California as a rigid block [Stock and Hodges, 1989] . Strike-slip motion along the San Benito-Tosco-Abreojos system, west of the peninsula, gradually vanished and oblique rifting in the gulf became the dominant accommodation zone between the two major plates [Sedlock et al., 1993] .
Data and Methods
[7] We used SK*S waves recorded by 3-component broadband sensors from the 7 northern most stations of the Network of Autonomously Recording Stations of Baja California (NARS-Baja). This array has been in operation since April 2002 and is equipped with Streckeisen STS-2 seismometers [Trampert et al., 2003 ]. In addition, we used records from two broadband stations of the permanent network RESNOM that were recently equipped with Geotech KS-2000 sensors, one since January 2001 (SPX) and the other one since April 2004 (CBX). We also used records from three stations of the RESBAN network that have 3-component broadband sensors Guralp CMG-40T and Streckeisen STS-2, located in Hermosillo (HERB) and Guaymas (GUYB), and Puerto Peñasco (PPXB), respectively (see Figure 1 ). The total area covered by our set of stations spans between 32.5N and 27.9N, and from 116.0W to 109.6W. Four of the stations are in the Stable Central Peninsula (NE72, NE73, NE74 and SPX), two in the StrikeSlip Province (NE71 and CBX), two in the Gulf extensional Province (NE70 and PPXB), and four in the southern Basin and Range Province in Mexico (NE80, NE81, HERB and GUYB). We determine the splitting parameters, i.e. the polarization f of the first arrival and the delay time dt between the two split waves using the method developed by Silver and Chan [1991] . More information about the selection of the suitable traces, the estimation of f and dt as well as uncertainty on this estimates, and average values calculated is available in the auxiliary material 1 .
Results
[8] Averaged estimates of the anisotropy parameters f and dt of each station using a stacking method are shown in Figure 1 and Table 1 . Individual results are available in the auxiliary material and the best estimates plotted in Figure 2 . Unambiguous evidence of seismic anisotropy has been found at all stations with the exception of PPXB. The results are generally well constrained, except at NE70 and NE74. Yet a few unambiguous traces are available for these stations. Delay times vary from barely detectable (0.6s) to large (1.7s) and the mean value is 1.0s. Previous studies around the world report delay times in the crust within the range of 0.1-0.3s and may peak at 0.5s [Silver, 1996] . We interpret the larger values here obtained as indicative that the source of anisotropy must include both the crust and the upper mantle. The contamination from crustal anisotropy may be relevant at stations that display small delay times (NE74, NE80, CBX). Using a typical 4% of anisotropy [Silver and Chan, 1991; Savage, 1999] for the crust and upper mantle, the effective thickness of the anisotropic layer ranges from 70 to 195km. The azimuths of the fast axis fall in the range from 45°to 157°.
[9] The four stations located in the Basin and Range Province (Figure 1) , have a consistent orientation for the fast axis ranging between NE-SW and ENE-WSW. Stations NE72, NE73 and SPX in the SCP have an E-W direction for the fast axis. Further north, stations NE71 and CBX within the TSSP form another group that displays a slightly different anisotropic behavior from those observed in the SCP, and strongly differs from results at NE70. At both stations the fast axis is oriented at 75°. At stations NE71, NE72, NE80, NE81, and GUYB, discrepancies between individual measurements of SKS and SKKS for same eventstation pairs, indicate that the anisotropic structure may be more complicated than a single layer of anisotropy [Polet and Kanamori, 2002] , since it produces splitting that depends on the incidence angle.
[10] Only two event-station pairs with non-orthogonal back azimuths are available at PPXB and they show clear null measurements. The number of observation is not sufficient to rule out anisotropy beneath this station. Station NE70 and NE74 are both noise contaminated for being located above sedimentary basins. NE70 yields an average direction of about 155°for the fast azimuth. This value was determined from three unambiguous observations of shearwave splitting, from two event-station pairs that are consistent with each other (147°, 164°, and 176°for f and 1.0 s, 0.9s and 1.1s for dt, respectively). At NE74, we also calculate consistent estimates (77°, 70°and 65°for f and 0.8s, 0.7s and 0.5s for dt) for the three event-station pairs, with both good agreement between fast and slow components and satisfactory removal of energy from the transverse component. 
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[11] Neighboring stations NE70, NE71, NE72 and SPX display slightly different values of f for the same event. Stations NE72 and SPX, which are close to each other, have Fresnel zones that meet each other at 80 km and that are largely overlapped at 200 km. On the other hand, we cannot constrain the upper limit of anisotropic zone, since we do not have two events with opposite azimuth recorded at a single station and that produce different values of f [Alsina and Snieder, 1995] .
Discussion
[12] A polemical issue is whether the source of the anisotropy observed results from a present day process or is rather inherited from the last regional tectonic event that might have left its print in the rigid lithosphere [Silver and Chan, 1991; Fouch et al., 2000] . Bird [1988] proposed that the low-angle Laramide subduction removed much of the mantle lithosphere beneath western North America and this hypothesis is consistent with the extremely low S velocities reported by Van der Lee and Nolet [1997] , which are apparently located directly beneath the crust. So, the source of anisotropy cannot be restricted to the rigid lithosphere beneath the stations where large delay times have been obtained, as those at the Peninsular Range, but must include also an asthenospheric component.
[13] In the southern Basin and Range region, the today's E-W extension is not consistent with the 45°± 11°fast direction observed at NE80, considering that a, the fast axis of olivine, tends to align with the stretching direction. Anisotropy induced by the resistive drag at the base of the lithosphere due to the North American Absolute Plate Motion (APM) over a stationary asthenosphere is also inconsistent with the results obtained at NE80. Actually, f (45°) appears to be similar to the 24-18Ma extension (NE-SW) that is associated with the metamorphic core complexes reported by Nourse et al. [1994] . The anisotropy may have been generated by past coherent extension throughout the lithosphere and it may have not extended deeper. The small average delay time (0.6s) at NE80 supports this idea. Polet and Kanamori [2002] came to a similar conclusion for California. Stations GUYB (f = 71°± 5°), HERB(f = 62°± 11°) and NE81(f = 66°± 5°), located also in the Basin and Range, yield a fast axis oblique to present day extension but roughly parallel to both pre-Miocene to late Miocene ENE extension [Sedlock et al., 1993] and the North American APM ($244°). Therefore, the ambiguity remains. Due to the thinness of the lithosphere already mentioned, the larger delay times observed at GUYB and HERB require the contribution of anisotropy from the asthenosphere.
[14] NE70 yields fast axis direction sub parallel to the trend of the plate boundary, which is consistent with the direction reported for the crust by Zúñiga et al. [1995] . González and Munguía [2003] report mean delay times of 0.35s for the crust below Mexicali Valley and Zollo and Bernard [1989] a mean value of 0.25s for the crust of the Imperial Valley, suggesting that the crustal anisotropy in this region may contribute to up to 40% of the delay time obtained with teleseismic waves. The delay time of 0.9s at NE70 indicates that the strain in the vicinity of the ImperialCerro Prieto fault system may not extend deeper than $100 km. Under the assumption of simple shear strain, the direction of the principal axis of deformation of the minerals, which coincides with the fast axis a in the case of olivine, tends to align parallel to the shear direction. Thus the local anisotropy below NE70 seems to be governed by the modern local style of shear between the NAP and the Baja California block. Since we only have 3 estimates of f with similar back azimuth (293.6°and 300.8°), we cannot resolve any two-layer behavior as it has been observed near the San Andreas Fault. The plateboundary parallel-anisotropy component there is confined to a thin upper layer over a thicker layer with an E-W fast feature [Polet and Kanamori, 2002] . The ''null'' measurements at PPXB may mark the lateral transition of anisotropic property between NE70 and the Basin and Range stations.
[15] The pattern of anisotropic fast directions along the Mexican peninsular range is nearly homogenous, although unambiguously distinct groups exist, suggesting a common regional source of anisotropy with local variations. This source may extend further north in California where a similar E-W anisotropic pattern has been observed by several authors [Savage and Silver, 1993; Ozalaybey and Savage, 1995; Polet and Kanamori, 2002] . Overlapping Fresnel zones suggest that anisotropy is located mainly above $200 km and delay times at NE71, NE72, NE73 and SPX indicate that the anisotropy layer is thicker than 115 km. The asthenosphere seems to underlie directly the crust. All these observations suggest that the roughly E-W anisotropic structure is in the upper asthenosphere. Ozalaybey and Savage [1995] interpreted this E-W pattern as due to low viscosity upwelling of mantle that fills the slab window left by the subducted Farallon plate. For southwestern California, Silver and Holt [2002] proposed that the differential motion between the NAP and the sinking fragments of the Farallon plate governs the asthenospheric pattern of deformation. The anisotropy may have a component in the thick crust beneath the west Peninsular Range [Lewis et al., 2001 ] that can account for local discrepancies.
On the other hand, olivine alignment due to the Pacific APM ($293°) is not consistent with the general trend of f obtained along the Peninsular Range. Finally, as proposed by Bohannon and Parsons [1995] , we cannot rule out that some fragment of the Farallon plate may have been captured east of the former trench. The results of Romo et al. [2001] that rely on magnetotelluric observations in the vicinity of NE74 were interpreted as a suture zone at the base of the crust and support the hypothesis of Bohannon and Parsons [1995] . Fossil anisotropy of these fragments may have thickened the anisotropic layer beneath the Peninsular Range and the complex reorganization that they have undergone could account for the observed local variation of the fast direction [Stock and Lee, 1994] .
